Objective. Osteoarthritis is a leading cause of disability for which there is no cure. Psychosocialoriented treatments are underexplored. We developed and tested an intervention to build positive psychological skills (e.g., gratitude) to reduce osteoarthritis symptom severity, including pain and functioning, and to improve psychosocial wellbeing in patients with knee or hip osteoarthritis.
Introduction
Arthritis affects more than one in five (52.5 million) adults in the United States [1] . Osteoarthritis (OA), the most prevalent form of arthritis, causes substantial disability [2, 3] . Current treatments focus on alleviating symptoms, preserving function, and improving quality of life [4] [5] [6] as ways to slow or halt disease progression have not been identified. The majority of existing OA treatments yield only small to moderate reductions in pain and disability and can have negative side effects [5] [6] [7] [8] . In the context of society-wide efforts to reduce reliance on opioids and other potentially harmful pharmacological pain treatments, safe and effective nonpharmacological techniques for managing OA pain and symptoms are urgently needed.
The biopsychosocial model of pain can inform the development of nonpharmacological OA treatments as it recognizes that one's pain experience is determined by a complex interaction of biological, psychological, and social factors [9] [10] [11] . For example, co-occurring depression and pain-related cognitions such as low selfefficacy and high catastrophizing are associated with worse pain and functioning among patients with OA [12, 13] . Social factors such as stress and lack of support also predict worse OA outcomes [10] . The extensive interplay between psychosocial factors and OA outcomes suggests that OA treatments specifically targeting psychosocial well-being should be explored.
Evidence from the burgeoning field of positive psychology, which investigates how and why people flourish, supports the value of targeting psychosocial wellness to reduce pain [14] [15] [16] [17] . For example, naturally occurring positive affect, defined as the feelings experienced when one is pleasurably engaged with the environment [14] , is associated with less pain in women with OA or fibromyalgia [18] and better functioning following a hip fracture [19] . Optimism induced in a controlled setting also reduces pain intensity ratings [20] . Finally, initial evidence from two randomized trials suggests that engaging in activities explicitly designed to build positive psychological skills (subsequently referred to as "positive activities") improves pain symptoms [21, 22] . In a study of volunteers from a positive psychology website who reported pain at baseline, those randomly assigned to complete four or six positive activities over six weeks reported greater reductions in pain than those assigned to a no-activity control group [21] . A recent pilot study also found preliminary support for feasibility and efficacy of an individually tailored, web-based positive psychological intervention for individuals with disability (e.g., spinal cord injury) and chronic pain [22] . Although these studies support the use of positive activities for pain management, they are limited by relatively weak control conditions, short-term follow-up periods, and demographically homogeneous samples comprising mostly non-Hispanic white, highly educated women. Research is needed to test the long-term effects of positive activities on pain in different patient populations using a strong comparison condition. In this study, we extend the literature by randomizing a demographically diverse sample of military veterans with chronic pain from knee or hip osteoarthritis to complete a six-week program containing positive skill-building activities or neutral control activities. Following patients for six months, we hypothesized that patients randomized to the positive (versus neutral) program would report greater improvements over time in OA symptom severity and measures of psychosocial well-being.
Methods

Participants and Recruitment
The study was conducted at the Veterans Affairs (VA) Pittsburgh Healthcare System and was approved by the medical center's Institutional Review Board. Patients who were 50 years of age or older, had a diagnosis of OA (International Classification of Diseases-9 code 715), and had been seen in primary care in the past six months were identified from VA electronic health records and mailed invitations to be screened for the study. Study brochures were also distributed throughout the medical center. Eligibility of interested patients was confirmed using telephone screening surveys conducted by study staff prior to enrollment. To be eligible, patients had to be veterans aged 50 years or older; receive primary care from the VA; report having physiciandiagnosed OA; have frequent knee or hip pain [23] ; and rate their pain level as 4 or greater on a 0-10 scale. Patients were excluded if they reported inflammatory arthritis or low back pain; problems with serious illness, memory, hearing, or eyesight that would prevent them from completing the study; inability to receive studyrelated telephone calls; or inability to complete simple writing activities without assistance.
Intervention Development
We developed a six-week intervention program consisting of positive psychological skill-building activities drawn from the positive psychology literature and then refined based on qualitative input from patients. Numerous activities have been developed to build positive psychological skills, including activities focused on gratitude, kindness, optimism, mindfulness, selfaffirmation, identifying and using personal strengths, Positive Psychological Intervention for Osteoarthritis reflecting on good things, forgiveness, or some combination thereof [15, 24, 25] . A meta-analysis found that the most effective positive activity interventions are administered individually (versus in a group setting) and include a variety of activities introduced over multiple weeks [25] . Allowing flexibility in how activities are implemented by individuals also increases adherence [26, 27] . With these principles and our target population in mind, we identified activities from the positive psychology literature that were simple to complete, that did not require extensive training or follow-up, that worked well when self-administered, and that could be adapted for use by those with low literacy. These activities were focusing attention on positive events [15, 28] ; expressing gratitude [15, 29, 30] ; increasing kindness [31] ; savoring [32, 33] ; and increasing engagement in activities that bring enjoyment, provide a sense of achievement, or bring one closer to others [24] . To create a robust control program, we also selected a set of structurally similar but affectively neutral activities that served as comparisons in prior studies testing positive activities (Table 1) [15, 30, 34, 35] .
We wrote instructions for each activity at a sixth-grade reading level and assembled them into positive and neutral workbooks. We obtained feedback on the workbooks through qualitative interviews with 10 patients meeting study eligibility criteria. After providing written informed consent, patients silently read the instructions for each activity and were then asked open-ended questions about what they liked or disliked about it, how it could be improved, and the likelihood that they would complete the activity. Responses were documented in written notes taken by trained interviewers. Patients were compensated $25. The lead investigator (LH) reviewed the notes and worked with the study team to modify activity instructions to reflect the feedback received.
The response to the initial draft of activities was overwhelmingly positive, with patients expressing that they thought doing the activities would help them feel good about themselves and would provide motivation and fulfillment. All patients indicated that they would be very likely to complete all the activities. Although patients were able to read and comprehend the original instructions, we increased the readability of the materials based on the interviews. For example, some patients were unfamiliar with the idea of "savoring," so we modified the activity title and instructions using words that were better understood by the target population. We renamed and revised an activity focused on gratitude for similar reasons.
We compiled the revised activities into positive and neutral workbooks that were written at a 4.5-grade reading level and were designed to be completed over six weeks (Table 1) . Both workbooks contained an identical introductory page explaining the rationale for building positive psychological skills to help with arthritis pain. On subsequent pages, the workbooks contained instructions for one new positive or neutral activity each week for the first five weeks and instructions to repeat a favorite activity in week 6.
Study Procedure
Using the previously described eligibility criteria and recruitment procedures, we invited a new cohort of patients who did not participate in the intervention development activities to enroll in a randomized trial of the positive and neutral programs. Patients who met eligibility requirements attended an in-person baseline visit at the medical center, during which one of three study staff members obtained written informed consent, administered baseline measures, and gave participants their workbook for the program to which they were randomly assigned. All staff members were fully trained to administer both programs and to collect all study assessments.
During the consent process, participants were informed that the purpose of the study was to identify activities that people with arthritis can put into practice in their daily lives to help stay positive and increase their overall well-being. They were told that they would be randomly assigned to one of two six-week programs consisting of a series of activities that may help them stay positive. They were told that the two programs contained different activities. Patients who consented to participate then provided responses to a baseline survey administered by the study staff member who obtained their consent.
Upon completion of the baseline survey, the study staff member opened a sealed envelope that contained the workbook for either the positive or neutral program. To maintain blinding of study staff during the collection of baseline measures, the study biostatistician placed positive and neutral program workbooks in sealed envelopes in a sequence determined by a permuted block randomization scheme, stratified by patient race (African American or white), prior to enrollment of the first study participant. For each baseline visit, study staff members took the next sealed envelope in the predetermined sequence but remained unaware of which program was in the envelope until after the consent process and baseline surveys were completed.
After opening the envelope, the study staff member provided the participant with a general orientation to the workbook. By design, the positive and neutral program workbooks had the same cover page and introductory text so that the general orientation would be similar. Both workbooks were titled "Staying Positive with Arthritis" and contained a brief explanation of why building habits that help one to stay positive may be beneficial for people with arthritis. The study staff member then reviewed the instructions for the first week's activity, which was either positive or neutral depending on the program to which the participant was randomly assigned (Table 1) . At this time, the study staff member was no longer blinded to the assignment of that participant due to their familiarity with both programs, but participants were not explicitly told whether they were in the positive or neutral program. Participants were kept blinded to their assigned program to ensure that changes observed in response to the positive program were not due to placebo effects, expectations, or motivation.
At the end of the baseline visit, participants were instructed to complete the first activity on their own over the next week. They were also asked to confirm their availability for a 10-to 15-minute telephone call from the study staff that would take place seven days from the baseline visit, and every week thereafter for the duration of the six-week program. All contact with participants after the baseline visit was by telephone. For the six weeks following the baseline visit, study staff telephoned participants at the agreed-upon time to assess adherence to the previous week's activity and to review instructions for the next week's activity. Study staff then collected follow-up measures by telephone one, three, and six months after the end of the program. Participants were compensated $20 for the baseline visit, $5 for each weekly phone call, and $20 for each follow-up assessment ( Figure 1 ).
Study Measures
Primary Outcome
Our primary outcome was OA symptom severity measured by the Western Ontario MacMaster Osteoarthritis Index (WOMAC) [36] at baseline and at one, three, and
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Telephone survey Positive Psychological Intervention for Osteoarthritis six months following completion of the six-week program. The WOMAC includes 24 items that ask participants to rate pain, stiffness, and difficulty with physical functioning ranging from none to extreme (corresponding to values of 0-4). An overall score was computed by summing responses and transforming scores to a scale ranging from 0 to 100, with higher scores indicating more severe OA symptoms [37] . We also calculated scores for subscales that assessed pain (five items), stiffness (two items), and difficulty with physical functioning (17 items), with higher scores indicating worse pain, stiffness, or functioning, respectively.
Secondary Outcomes
We also assessed three psychosocial outcomes at baseline and at one, three, and six months following completion of the program. Positive and negative affect were assessed using the 10-item Positive and Negative Affect Schedule (PANAS), on which participants indicated the extent to which they felt five positive (alert, inspired, determined, attentive, active) and five negative (upset, hostile, ashamed, nervous, afraid) states during the past week using a 1 (never) to 5 (always) scale [38] . Positive and negative affect scores were calculated by summing the responses across items (possible ranges ¼ 5-25). Life satisfaction, a measure of overall subjective well-being, was assessed using the Satisfaction With Life Scale [39] . For this measure, participants indicated the extent to which they agreed with five statements (e.g., "The conditions of your life are excellent") on a scale of 1 (strongly disagree) to 5 (strongly agree). Scores were calculated by summing responses across items (possible range ¼ 5-25).
Demographic and Clinical Characteristics
Participants' age, sex, income, education, employment, marital status, and general health status (excellent, very good, good, fair, or poor) were assessed at baseline. Health literacy was also assessed using the item "How confident are you filling out medical forms by yourself?" [40] . Physical and psychological comorbid conditions were assessed using an interviewer-administered version of the Charlson Comorbidity Index [41] and selfreported diagnoses of depression or anxiety [42] . Selfreported pharmacological and nonpharmacological OA treatments being used at baseline were assessed using a list of treatment options from the Osteoarthritis Initiative [23] . Pharmacological treatment categories included acetaminophen, nonsteroidal anti-inflammatory drugs (NSAIDS), topical NSAIDS, COX-2 selective inhibitors, opioids, and hyaluronic acid or steroid injections. Nonpharmacological treatment categories included acupuncture/acupressure/massage therapy, chiropractic care, homeo/naturopathy, physical therapy, water-or land-based exercise, health supplements for joint pain, vitamins, herbs, topical creams/oils, copper bracelets or magnets, yoga/tai chi/chi gong/Pilates, relaxation/mindbody activities, and spiritual activities.
Adherence and Engagement
Adherence was assessed in the weekly calls by asking participants whether they completed the previous week's activity (yes/no) [43] . Participants were also asked to rate how much they felt they benefited from, how much they enjoyed, and how difficult they found each activity (1 ¼ not at all; 7 ¼ extremely) [43] .
Statistical Analyses
We tested differences in baseline characteristics between the positive intervention and neutral control programs using chi-square or Fisher exact tests for categorical variables and t tests for continuous variables. We assessed changes in outcomes using linear mixed models that accounted for repeated measures and missing data. Models included fixed effects for program (positive vs neutral), time (baseline, one month, three months, and six months), and the interaction between program and time. Cohen's d effect sizes were calculated to assess the magnitude of change from baseline to six months across treatment groups for all outcomes. Analyses followed an intent-to-treat principle [44] and were performed using Stata software [45] . The treatment group was not blinded during analysis.
Results
Sample
Of 86 patients who were screened for eligibility, 51 met all inclusion criteria and 42 were consented and randomized ( Figure 2 ). On average, participants were 67.5 years old, 16.7% were female, and 42.9% were black or African American. Over half the sample was married (59.5%), retired (52.4%), and had at least some college education (64.3%). Low health literacy was common, with 54.8% reporting that they were not at all confident filling out medical forms without assistance (Table 2 ). There were no significant differences in any baseline characteristics, including use of pharmacological or nonpharmacological treatments for OA, across those in the positive and neutral programs ( Table 2) .
Adherence and Engagement
Early on, three participants (two from the positive program, one from the neutral program) withdrew after baseline because the program did not match their expectations. The withdrawal of those patients prompted us to revise the recruitment and consent materials to introduce the biopsychosocial model of pain and clarify the nature of the program being tested. After those changes were made, one additional participant withdrew due to lack of time and another was lost to follow-up after baseline for unknown reasons (Figure 1 ). All participants were included in the analysis.
Retention through both six-week programs was high, with 78.6% of participants overall completing at least five of six weekly calls and 64.3% reporting that they completed at least five of the six weekly activities (Table  3) . Participants rated the activities as highly beneficial (mean ¼ 5.3), highly enjoyable (mean ¼ 5.4), and low in difficulty (mean ¼ 2.0). There were no significant differences in completion rates or activity ratings across the positive and neutral groups (Table 3) .
OA Symptom Severity
Retention remained high for the one-(81.0%), three-(83.3%), and six-month (78.6%) follow-up surveys. Baseline total WOMAC scores were comparable for the positive (mean ¼ 52.4) and neutral (mean ¼ 50.4) groups at baseline (Table 4) . Compared with baseline, mean total WOMAC scores in the positive group decreased (i.e., improved) by 14.2, 10.9, and 12.6 points at one, three, and six months, respectively. Mean total WOMAC scores in the neutral group decreased by less than two points at each time point (Table 4 ). The interaction 
Psychosocial Outcomes
The interaction between program and time was not statistically significant for positive affect (v 2 ¼ 1.67, P ¼ 0.64, Cohen's d ¼ 0.35). However, there were statistically significant interactions for negative affect (v 2 ¼ 9.14, P ¼ 0.03) and life satisfaction (v 2 ¼ 9.72, P ¼ 0.02) in the expected directions ( Table 5 ). The positive program had a small to medium effect on both outcomes (Cohen's d ¼ 0.50 and 0.36, respectively).
Discussion
In this small sample of patients with knee/hip OA who receive care at a major academic VA medical center, we found that a six-week intervention focused on building positive psychological skills such as gratitude and kindness significantly reduced OA symptom severity and improved measures of well-being. In contrast to prior research, this study tested the effects of a positive psychological intervention against a strong, affectively neutral control program; followed patients for six months after the intervention ended; and included a mostly male, racially diverse patient sample with low health literacy. The study not only demonstrated the feasibility of engaging and retaining patients in the use of positive psychology to address pain from knee or hip OA, it showed that a positive psychological intervention yielded substantial, lasting benefits for pain-related and psychosocial outcomes. These results are particularly encouraging in that they indicate the potential of a nonpharmacological therapy to improve symptom management in a patient population with moderate to severe pain.
The benefits of positive psychological interventions for mental health and overall well-being are well established [25, 46, 47] . The current study adds to existing literature on the use of positive psychological interventions to improve physical health indicators, in addition to overall well-being, in patient populations with chronic or severe health conditions [22, [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] . To our knowledge, this is the first effort to test the effects of this type of intervention on pain and functioning in patients with OA. The positive activities program tested in this study yielded a statistically significant improvement in overall OA symptom severity and produced a much larger effect size (Cohen's d ¼ 0.86) than most existing pharmacological and nonpharmacological OA treatments [5] [6] [7] [8] . A comprehensive review of OA treatments found that nonpharmacological treatments had a combined effect size of 0.25 on pain; the combined effect size of pharmacological treatments (0.39) was only slightly larger [7] . An updated review of the literature found that effect sizes for most OA treatments have either remained the same or have diminished as higher-quality studies have been published [5] . If the large reduction in OA symptom severity found in this study were to hold in a broader sample, using positive activities as part of an overall treatment program for patients with OA could have tremendous impact.
It is worth noting that the effect of the positive activities program varied across specific OA symptoms. The Table 3 Adherence to and ratings of positive and neutral programs Participants who did not complete a weekly call were counted as not completing that week's activity. *Activities were rated on seven-point Likert scales (1 ¼ not at all and 7 ¼ extremely). Table 4 Change in total and specific (pain, stiffness, and physical function) osteoarthritis symptoms in patients with knee or hip osteoarthritis after completing a 6-week positive (intervention) or neutral (control) program
Chi-square Table 5 Change in positive affect, negative affect, and life satisfaction in patients with knee or hip osteoarthritis after completing a 6-week positive (intervention) or neutral (control) program
Chi-square largest effect size was observed for physical function (0.86), followed by pain severity (0.66), then stiffness (0.35). The physical functioning subscale, which included ratings of how much difficulty patients had completing daily tasks (e.g., going up or down stairs, getting dressed), was the only subscale for which the effect was statistically significant. It is unclear why the effects for the pain and stiffness subscales did not reach statistical significance. One possibility is that the study was underpowered to detect effects on pain and stiffness and that the observed effects would reach significance in a larger sample. A second possibility is that the estimates for pain and stiffness were less precise or sensitive to change than the estimates for physical functioning as they were based on subscales comprising fewer items (five items for pain and two items for stiffness, vs 17 items for physical function).
A third possibility is that the positive activities program reduced perceived difficulty completing daily tasks without actually reducing pain or stiffness. This is a common observation of patients in pain rehabilitation programs, which generally demonstrate functional improvements even when pain scores do not appreciably change. This explanation is highly plausible given the nature of the intervention, which is designed to retrain the brain to focus on positive experiences. By refocusing attention on the positive aspects of daily life, the intervention may also reduce the salience of mild or moderate aggravations, such as the difficulty someone with OA might experience when getting out of a chair to greet a good friend. In this scenario, although the nociceptive pain stimulus from OA has not changed, its perceived impact on functioning could be diminished if the patient is more focused on the positive experience of spending time with a friend than on the difficulty of getting out of the chair. Future studies that include objective measures of physical functioning (e.g., gait speed) are needed to determine whether positive psychological interventions improve actual functioning, self-appraisals of functioning, or both.
The six-month follow-up period in this study is also notable as previous studies of positive psychological interventions have typically assessed change only over the course of treatment or up to three months following program completion [22, [48] [49] [50] [51] [52] [53] [54] . The positive intervention tested in this study continued to have a large effect on OA symptom severity, as well as moderate to small effects on life satisfaction and negative affect, six months after the intervention ended. The sustained impact of the intervention on these outcomes supports the broaden-and-build model of positive emotions [56, 57] . This model asserts that, in the moment, positive emotions broaden attention and increase the range of thoughts and actions one is likely to pursue. This broadened state, in turn, supports the accrual of personal resources such as cognitive flexibility, creativity, and social connections. These increased personal resources produce more opportunities to experience positive emotions, which feed back into a self-reinforcing upward spiral that produces long-term gains in overall wellbeing.
The positive psychological intervention tested in this study, although only six weeks long, contained activities designed to kick-start the broaden-and-build process. Although our findings suggest that the intervention was successful in producing sustained change in this sample, additional research is needed to determine whether it was in fact due to the iterative broaden-and-build process. A key question that remains is why we did not find a significant change in positive affect in this study. With only 21 participants per group, the study's small sample size could explain the lack of significant change in positive affect. It is also possible that the abbreviated measure of positive affect that was used in this study, which focused on positive states such as "inspired" and "attentive," did not capture dimensions of positive affect that were stimulated by the intervention. The timing of the measure could also have been problematic as positive affect was assessed at baseline and during followup surveys but not during the six-week intervention when participants were completing the positive activities. The activities may have produced a short-term influx of positive affect, which, according to the broaden-and-build process, would have promoted thoughts and behaviors that foster psychological, physical, and social resources that form the foundation for long-term resilience and overall well-being. Studies that use ecological momentary assessment or other methods to capture moment-to-moment variations in positive affect may be necessary to demonstrate the immediate, intermediate, and long-term sequelae of positive affect.
In the absence of a demonstrable change in positive affect in this study, additional mechanisms that could account for the observed improvements in OA symptom severity should be considered. The benefit of reducing negative affect should not be discounted given the wellestablished associations of depression with OA-related pain and functional impairment [58, 59] . The positive psychological intervention could also reduce OA symptom severity by impacting a number of psychological and social factors that have been shown to be associated with OA-related pain or functioning [10] . For example, building positive psychological skills may reduce pain catastrophizing, increase pain-related self-efficacy, and increase one's engagement in social activities, all of which could yield reductions in pain and functional difficulty [60] [61] [62] . These and other potential mechanisms should be examined in future studies that are powered to test complex multiple mediation pathways between positive psychological interventions and OA-related outcomes.
The importance of including a strong control program in this study cannot be overemphasized as most studies testing similar interventions lacked control groups of any kind or included usual care or wait-list controls [48] [49] [50] [51] [52] [53] [54] . Our use of a neutral control program that was similar in structure and length to the positive program ensures that the observed differences in outcomes can be attributed to the positive activities themselves, rather than to motivation, effort, attention, or regression to the mean.
Finally, this study demonstrates the feasibility and acceptability of this type of intervention program in a much more diverse patient population than those targeted in previous studies. While prior studies testing the effects of positive activities on pain have included predominantly female, white, highly educated participants [21, 22] , our study sample included mostly men, a third of whom had a high school education or less, all of whom were categorized as having inadequate health literacy, and half of whom were African American. This study shows that positive psychological interventions, when designed for maximum readability, can be comprehended and used by a wide range of demographic groups while maintaining their fidelity and impact.
There are important limitations to consider in interpreting our findings. First, we recruited patients from a single VA medical center; therefore, our findings may not generalize to other health care settings or patient populations. Second, the small sample size did not allow for exploration of complex mediation models or subgroup comparisons. Last, as already discussed, the study raises important questions for future studies regarding the mechanisms by which the intervention improved OA symptom severity and the factors that contribute to its sustained impact.
In conclusion, in this study we found that a six-week positive psychological intervention produced large reductions in OA symptom severity compared with a robust control program. The study also demonstrated the feasibility of engaging and retaining a diverse sample of patients with knee/hip OA from a large VA medical center in the use of positive psychology to address pain from knee or hip OA. Future large trials are needed to replicate our findings, identify mechanisms by which positive psychological skills reduce pain, and determine whether the benefits of such an intervention vary across clinical and demographic patient subgroups.
